We compared fecal samples with samples collected with rectoanal mucosa swabs (RAMS) to determine the prevalence of Escherichia coli O157 in feedlot cattle (n ‫؍‬ 747). Escherichia coli O157 was detected in 9.5% of samples collected with RAMS and 4.7% of samples tested by fecal culture. Pulsed-field gel electrophoresis analysis of isolates suggested that the strains colonizing the rectoanal junction were the same as those from the feces. Mucosal swab sampling was more sensitive than fecal sampling for determining the prevalence of E. coli O157 in feedlot cattle.
Escherichia coli O157 is an important food-borne pathogen (15) , and cattle are considered the major reservoir (2, 5) . Early studies indicated the prevalence of E. coli O157 in cattle feces to be less than 2% of the cattle population (8, 10) . However, molecular and immunomagnetic separation techniques have estimated that number to be closer to 20 to 30% in the summer months (4, 7, 9, 17, 22) . Two major patterns of E. coli O157 shedding in the feces of cattle have been suggested: transient, in which animals shed the organism only briefly after picking it up from the environment, and colonized, in which the organism is shed for an extended period of time after presumptive colonization in the gastrointestinal tract (18) . Recent findings suggest that E. coli O157 specifically colonizes the lymphoid follicle-dense mucosal epithelium at the terminal rectum, located approximately 2 to 5 cm proximal to the rectoanal junction (16) . Based on this observation, Rice et al. (18) developed a rectoanal mucosal swab (RAMS) technique to sample the mucosal surface of the rectoanal junction. The objectives of this study were to compare the two collection methods, feces sampling and the RAMS technique, for detecting the prevalence of E. coli O157 in feedlot cattle and to use genetic subtyping by pulsed-field gel electrophoresis (PFGE) to compare isolates obtained by the two collection methods.
Crossbred beef steers (n ϭ 747) from two different feedlots were used in this study. Diets consisted of approximately 94% concentrate (dry-rolled or steam-flaked corn) and 6% forage (alfalfa hay). The collection of RAMS samples was performed according to Rice et al. (18) . The swabs were placed into culture tubes containing 3 ml of gram-negative broth (BD, Franklin Lakes, N.J.) with 0.05 mg/liter of cefixime, 10 mg/liter of cefsulodin, and 8 mg/liter of vancomycin (GNccv) and held on ice until transported to the laboratory. Fecal samples (at least 10 g) were taken immediately following the RAMS procedure by rectal palpation and stored on ice in individually sealed bags until transported to the laboratory. The RAMS sample was vortexed for 1 min, and 1 ml of the broth was transferred to 9 ml of GNccv. Approximately 1 g of subsample was placed in 9 ml of GNccv by using a sterile transfer stick. The procedures for enrichment, immunomagnetic separation, selective isolation, and identification of E. coli O157 from RAMS and fecal samples were according to Sargeant et al. (22) . PFGE analysis was performed according to the Centers for Disease Control and Prevention PulseNet protocol (http: //www.cdc.gov/ncidod/dbmd/pulsenet/pulsenet.htm). Isolates were grouped into subtypes and types based on fingerprint pattern similarities. Subtypes and types were defined as isolates having fingerprint patterns of 100% and Ͼ95% Dice similarities, respectively. The prevalences of E. coli O157 between methods were compared using chi-square analysis, with significance determined at a P of Յ0.05.
There was no difference in prevalence of E. coli O157 in cattle located at the two sites (P Ͼ 0.10); therefore, data were pooled across collection sites. The RAMS technique detected a higher prevalence (P Ͻ 0.01) of E. coli O157 in cattle than fecal culture (9.5% versus 4.7%) ( Table 1) . Of the 747 cattle tested, 82 (11.0%) were identified as positive by at least one detection method. Of those animals that tested positive for E. coli O157 (n ϭ 82), 87% (71 of 82) were detected by the RAMS method and only 43% (35 of 82) were detected by the fecal culture method. Among RAMS-positive cattle (n ϭ 71), 24 animals (33.8%) were positive by fecal culture. Among cattle whose feces were positive (n ϭ 35), 24 (68.6%) were positive by the RAMS method. Only a small number of cattle (11 of 82 [13.4%]) were positive by fecal culture alone. However, 36 of 82 positive cattle (43.9%) were positive by the RAMS technique and negative by fecal culture.
Genomic fingerprints of isolates were analyzed by PFGE, and only isolates that were obtained by both sampling methods from animals (n ϭ 24) were used. As shown by XbaI restriction endonuclease digestion patterns, only three genetic types (Ͼ95% Dice similarity) were present in the RAMS and fecal isolates (n ϭ 48) of 24 cattle. Types I (18 isolates) and II (6 isolates) showed 86% similarity, whereas type III (24 isolates) was the most distant strain, with only 80% similarity (Fig. 1) . Type I was derived from cattle at one location, and types II and III were derived from cattle at the second location. Of the 24 pairs of isolates evaluated, 20 had 100% similarity and four had Ͼ95% similarity in PFGE banding patterns, suggesting that strains colonizing the rectoanal junction were the same as those isolated from feces.
Our data involving 747 cattle suggest that the RAMS technique is a more sensitive method than fecal culture for detecting the prevalence of E. coli O157 in cattle. Our finding is in agreement with the previous report by Rice et al. (18) ; however, the cultural procedure employed in our study was different from the one used by Rice et al. (18) . In their study, among naturally infected cattle, enriched RAMS and fecal cultures were equally sensitive, but direct plating of RAMS culture detected a significantly higher prevalence than either direct or enriched fecal cultures (18) . Because all our samples were enriched before being plated, the prevalence data were entirely qualitative. In addition, we used a sample size of 1 g for enrichment compared to 10 g used by Rice et al. (18) . Generally, use of 10-g samples has been shown to increase the sensitivity of the isolation method by severalfold (11, 21) . However, a number of studies have used a 1-g sample size for the detection of fecal shedding of E. coli O157 (12, 17, 20, 24) . Additionally, our observation has relevance for epidemiological investigations that involve thousands of fecal samples when, for logistical reasons, a 1-g sample size is more practical than 10-g samples (10, 17, 22) . It is not likely that the difference that we observed between the RAMS technique and fecal culture was because of a 1-g sample size. Others (18, 23) have observed a similar difference even with a 10-g sample size. The higher sensitivity with the RAMS technique was possibly because the swabbing allowed direct sampling of the rectal mucosa, the site of E. coli O157 colonization (16) . Also, the RAMS sample with minimal fecal contamination probably had fewer competing organisms, thereby allowing target bacteria to become enriched in the selective medium (18) .
Cattle that were RAMS positive but negative by fecal culture (n ϭ 47) indicate that animals can harbor the organism and not shed it in detectable numbers in the feces. These cattle potentially represent an on-farm reservoir not previously recognized (18) . Cattle that were feces positive but RAMS negative may represent cattle that have been recently exposed to E. coli O157 but whose rectoanal junction has not yet been colonized. Rice et al. (18) observed that within the first 2 weeks after experimental exposure from culture-positive calves the enrichment fecal cultures were more sensitive than enrichment RAMS cultures at detecting E. coli O157. In contrast, in the late period (Ͼ40 days), the enrichment RAMS cultures were (35) 24 (68.6) 35 (100) a RAMSs were obtained by inserting a sterile foam-tipped applicator approximately 2 to 5 cm into the anus of each steer, using a rapid in and out motion, to swab the entire mucosal surface of the rectoanal junction.
b Significantly different from the value for RAMS at a P of Ͻ0.01. c Animals that tested positive by either sampling method. d Animals that tested positive by both sampling methods. e Animals that tested positive by either sampling method.
more sensitive, indicating that perhaps the environmental exposure to the bacteria shows up in the feces relatively quickly whether the rectoanal junction has been colonized or not. Later in the exposure period, the RAMS technique appeared to become more sensitive at identifying animals that may no longer be shedding environmental contaminants but rather were shedding due to colonization of the animals. The idea that rectoanal mucosa is a site of colonization is further supported by Sheng et al. (23), who reported that rectal swab inoculation of E. coli O157 resulted in a consistent, long-term colonization in cattle and was superior to traditional oral inoculation. Naylor et al. (16) reported that counts of E. coli O157 cells from the surfaces of fecal samples were 1,000-fold higher than the counts in the core samples in experimentally inoculated calves believed to be colonized by the organism. Therefore, it was theorized that the source of E. coli O157 in the feces was the rectoanal junction during the passage of the feces through this region. Recently, Low et al. (14) have reported that high levels of fecal shedding of E. coli O157 were associated with mucosal carriage at the terminal rectum. During the sampling of animals, it is impossible to sample by both techniques without the risk of cross-contamination from the feces to the RAMS and vice versa. This cross-contamination at either location has the potential to overwhelm the sample and increases the difficulty of showing the strains from the two locations to be different.
Pulsed-field gel electrophoresis has been used widely as a molecular subtyping tool in outbreak investigations and surveillance in human infections (3, 19) and also to determine genetic relatedness between isolates from cattle (1, 6, 13) . Of the 82 cattle that were positive for E. coli O157, only 24 animals tested positive by both sampling methods. These isolates were compared by PFGE to determine genetic similarities of the two isolates from the same animal. Only three genetically related clusters were observed among the 48 isolates. All 24 pairs of isolates showed Ͼ95% similarity between RAMS and fecal isolates from the same animal, suggesting that the clones in the feces were the same as those that colonized the mucosal region of the rectoanal junction. This provides support for the theory proposed by Naylor et al. (16) that the feces become coated with the organism colonizing the mucosal region when they come into contact with the mucosal region. However, it is possible that fecal contamination occurs when the mucosal region is swabbed, thus explaining genetic similarities between the two isolates. Although precautions were taken to minimize fecal contamination, it was evident that in many instances there was visible fecal staining of the swabs. Nevertheless, the RAMS technique of sampling was superior to the use of conventional fecal samples for detecting the prevalence of E. coli O157:H7 in cattle.
